The diencephalon is the caudal part of the developing forebrain that gives rise to the epithalamus, thalamus, hypothalamus and retina. The mature diencephalon is functionally and anatomically parceled into well-defined nuclei. In an effort to understand how this region of the brain develops we examined the expression of several transcription factors during development. We find that the LIM homeodomain transcription factor, cLhx2b, and the zinc finger transcription factors, cZic1 and cZic3, are predominantly expressed in partially overlapping domains of the chick dorsal diencephalon. Interestingly, a correlation exists between their expression in neuroepithelial progenitor cells at early stages and in the differentiated nuclei at progressively more advanced stages of development. q
Results and discussion
cLhx2b is the chick homologue of mouse Lhx9, and cZics are the homologues of the mouse Zic genes. Previous studies indicate that they may play important roles in brain patterning in other regions and other systems (Aruga et al., 1998; Brewster et al., 1998; Brown et al., 1998; Grinblat and Sive, 2001; Nagai et al., 2000; Nakagawa and O'Leary, 2001; Nakata et al., 1997) . The expression of these genes has not been analyzed in the chick diencephalon, despite several previous reports in other parts of the chick CNS (Lin and Cepko, 1998; Nohno et al., 1997) and the CNS of other organisms (Grinblat and Sive, 2001; Nagai et al., 1997; Retaux et al., 1999; Rohr et al., 1999) including the diencephalon of the mouse (Nakagawa and O'Leary, 2001) and Xenopus (Bachy et al., 2001 ). Here we studied the expression patterns of cLhx2b, cZic1 and cZic3 and compared these with previously reported molecular markers in the developing chick diencephalon.
At embryonic day 4 (E4), cLhx2b-and cZic-immunoreactive (cLhx2 1 in the region dorsal to the zona limitans intrathalamica (ZLI), although an occasional cell appeared in the VZ suggesting that cells may be turning on cLhx2b as they exit the cell cycle and migrate to the mantle zone (MZ) (Fig. 1A ). An additional small cluster of cLhx2 1 cells is present in the MZ of the neural tube (NT) between the ZLI and the ventral midline (asterisk in Fig. 1A ; also seen at E6, Fig. 1G ). cZic expressing cells are found both in the VZ and MZ of the NT, extending ventral to the ZLI (Fig.  1B) . In contrast, Pax6 1 cells are detected in two domains, in the most dorsal diencephalon and, after a gap with no expression, in a domain overlapping with cZic but extending even more ventrally (Fig. 1C) .
These expression boundaries become clearer at E6. We compared cLhx2b, cZic1, cZic3 and Pax6 expressions with Gbx2, which is expressed in the P2 domain dorsal to the ZLI, Dlx2, which is expressed in the P3 ventral to the ZLI, and Shh, which is expressed within the ZLI and hypothalamus ( Fig. 1J-L) (Bulfone et al., 1993; Larsen et al., 2001; Shimamura et al., 1995) . The ventral limit of cLhx2b expression domain is almost identical to that of Gbx2 (compare Fig. 1D ,G with J). cZic1 and cZic3 are expressed in nearly the same domain throughout diencephalic development (Fig. 1E,F ) in a pattern identical to cZic protein expression (Fig. 1H) . The ventral limits of cZic1 and cZic3 expression extend over the ZLI (Fig. 1E,F,H ) and partially overlap with the dorsal limit of the Gbx2 expression (Fig. 1J) Fig. 2A-C) .
At E8, some of the nuclei in the diencephalon become cytologically identifiable although most of their outlines are still vague and merge with each other (Figs. 2A and 3A) . By E14, virtually all of the diencephalic nuclei are distinguishable and reflect adult structure (Fig. 3F) . cLhx2b transcripts are detected only in dorsally located nuclei including the habenular, dorsomedial, dorsolateral and dorsolateral superficial nuclei (Fig. 3B,G) . cZic mRNA and proteins are expressed in dorsal nuclei (habenular, dorsomedial, dorsolateral, dorsolateral superficial and dorsolateral geniculate nuclei) and some of the ventral nuclei such as the ventrolateral geniculate nucleus (Fig. 3C,D ,H,I and data not shown for cZic3). Pax6 1 cells were detected in nuclei which only partially overlapped with cZic domain (Fig. 3E,J) .
In summary, during early brain development, cLhx2b, cZic1 and cZic3 are expressed predominantly in the dorsal diencephalon with distinct ventral limits of expression (Fig.  4A,B) . Interestingly, the relative positions of these differential ventral boundaries of expression during early development correlate with expression domains in the fully developed diencephalon. (Fig. 4C ).
Experimental procedures
Section in situ hybridization was carried out on paraffin sections (4-7 mm) using 35 S-or digoxigenin-labeled cRNA probes as previously described (Bronner-Fraser, 1996; Gottlieb et al., 1998) . cDNA plasmids for probes were gifts from Drs. Jessell (cLhx2b), Lin and Cepko (cZic1 and cZic3), Riddle (Shh), Rubenstein (cDlx2), and Shimamura (cGbx2). Immunohistochemistry was carried out on paraffin sections (4-7 mm) with primary antibodies (anti-PAX6, 1:500, Developmental Studies Hybridoma Banks; anti-ZIC recognizing cZic family, 1:500, gift from Dr. Segal; anti-LHX2 recognizing chick Lhx2a and Lhx2b, 1:1000, gift from Dr. Jessell) and biotinylated secondary antibodies (1:500, Jackson Immuno Research). The sections were then incubated with streptavidin-conjugated Cy3 (1:500, Jackson Immuno Research). Images were photographed in overlapping fields, imported to and reconstructed as a composite image in Adobe Photoshop 6.0. Hematoxylin and eosin (H&E) staining was performed according to standard protocols. 
